INTRODUCTION
Greater efficiency in plant breeding programs is of utmost importance so that selection gains can meet the ever increasing demand for food. This efficiency may be achieved by various approaches, such as criteria-based progenitor choice, the method of segregant population advance and improvements in experimental precision during family evaluation.
Since all breeding programs have limited resources, one must decide whether it is best to perform several hybridizations yearly with a reduced number of families or fewer hybridization but with a larger number of families in order to explore the maximum variability generated in each crossing.
Several studies have determined the ideal number of families necessary for greater breeding efficiency (Sneep, 1977; Fouilloux and Bannerot, 1988; Huehn, 1996) , although the results of these studies were obtained from simulations. Fouilloux and Bannerot (1988) , for example, showed that plant breeding success is basically the same when one uses a relatively small (50) or large (>500) number of families. The main restriction in this case was that heritability was considered to be 100%, an unrealistic finding in practice.
In the case of the common bean in Brazil, there is considerable variation in the number of families evaluated in segregant population studies (Marques Jr., 1997) . In this study, we examined the effect of segregant population sample size on the efficiency of the selective process.
MATERIAL AND METHODS
Data from experiments with the common bean carried out at the Federal University of Lavras (UFLA) over the last few years were used. The results of nine experiments were used. Six were from biparental crossings, and the others were families from a recurrent selection program (Table I) . Culture treatments were basically the same in all experiments and did not differ from standard procedures for common bean culture.
Grain production (kg/ha) for all experiments was analyzed by analysis of variance. From the expected mean squares, estimates were obtained for genetic variance among families (σ 2 G ), phenotypic variance among family means (σ 2 F ), and heritability in the broad sense (h 2 ) with lower and upper limits estimated by the expressions presented by Knapp et al. (1985) .
Using adjusted means, different sample sizes were evaluated in each simulation, starting with 30 families and increasing the sample size by 10 families in each step. These simulations were performed using one thousand samples of the same size. The phenotypic variance between the family means was estimated for each group of samples. The average variance, the maximum and minimum values, the range of the means (RM) and the variance standard error were also estimated.
Using the χ 2 distribution, the probability of the occurrence of a phenotypic variance among family means was estimated by the expression:
, where n is the sample size, s 2 i is the value of the intended phenotypic variance for the different sample sizes and σ 2 F is the value of the phenotypic variance between family means (Chase and Brown, 1992 
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RESULTS AND DISCUSSION
The number of families evaluated varied from 169 to 295. Based on the coefficient of variation (CV), the experimental precision was higher in the evaluation of F 5:8 families in the Carioca x Flor de Mayo crossing and lower for F 2:4 families from the Carioca x FT-Tarumã crossing (Table I ).
In spite of the large number of families evaluated, the precision of these experiments was similar to that usually obtained in common bean culture experiments in the region. In an analysis of 61 evaluation experiments of pure lines and 28 trials of family evaluations, Marques Jr. (1997) obtained an average CV of 20.7% for lines in the recommendation phase, and 27.2% for cases in which segregant families were evaluated.
Heritability estimates in the broad sense varied from 5.3% for S 0:2 families with recurrent selection to 82% for S 0:1 families. The largest h 2 estimate was obtained in experiments done in augmented blocks, i.e., in which families under recurrent selection were evaluated, as shown by the lower limit (LL) and upper limit (UL) values (Table I) .
The phenotype variance estimates were based on simulations using family means from the Carioca-MG x H4 crossing (Table II) , and clearly reflect the influence of the other simulations. The average variances of the different sample sizes were basically the same as the variance estimated using all of the families. This was expected, since 1,000 replications of each sample size were simulated.
With the reduction in sample size, the range of phenotypic variance increased. The percentage of variance in the different sample sizes related to that obtained for all the families combined, showed that the nine populations behaved similarly. For example, in a sample size of 30 fami- 
lies, the minimal phenotypic variance was on average 63.8% lower than the populational variance. On the other hand, the maximum variance was 101.6% greater than this value. With a sample size of 100, the minimal phenotypic variance was less than 33% of the populational variance, and the maximum was about 35% greater than this value. In general, the standard error of the variances increased as sample size decreased. Thus, for a sample size of 30, the average variance standard error was 26.6% of the populational phenotypic variance, while for a sample size of 100, this value was only 11% of the variance.
The probability of obtaining null heritability decreased as sample size increased (Figures 1-3) . For a sample size of 100, the probability was essentially zero, except for S 0:2 recurrent selection families in Lavras, which had a probability of 4.8%, and the S 0:2 generation recurrent selection families in Patos de Minas, which had a probability greater than 10.0%.
The same tendency was observed for the probability of obtaining heritabilities of 0.25 and 0.50 of the populational estimate. In all cases, the probability of not obtaining a heritability 0.75 of the populational value increased as sample size decreased. For a sample size of 30, this value varied from 20.6% in the S 0:1 generation from the recurrent selection program in Lavras ( Figure 3A ) to 47.5% in the Carioca-MG x H4 crossings (F 2:4 and F 3:5 generations) (Figure 1A) . Under similar conditions, but with a sample size of 100, the probability was lower, varying from 5.1% in the S 0:1 generation of recurrent selection in Lavras ( Figure 3A) to 39.9% in the S 0:2 generation of recurrent selection families in Patos de Minas ( Figure 3C ).
The simulations also showed the variation in average grain yield of the families studied (Table II) . In general, the grain yield range decreased as sample size decreased. Using the values for grain yield range and heritability already mentioned, it was possible to predict the gain expected with selection using the expression GS = ds * h 2 . Considering selection of the family with the highest average for each sample size, the selection differential (ds) would be given by ds = RM/2 + m -m, where m is the general average, such that ds = RM/2. Since the average phenotypic variance was the same for all sample sizes and the environmental variance was constant, the heritability between family means can be considered constant for all sample sizes. Thus, the difference in the expected gain with selection will be a function of only RM/2. Consequently, the gain with selection will be greater as the number of families evaluated increases. With 220 families, the gain was 235.6 kg/ha. With 30 families, it was 159.5 kg/ha. Therefore, the gain with selection, using 220 families (GS 220 ), would be 1.48 times greater than that obtained with 30 families (GS 30 ) since GS 220 /GS 30 = (RM 220 /2)h 2 /(RM 30 /2)h 2 = 235.6/159.5 = 1.48. Using the standardized selection index (i) defined by Falconer (1980) as i = ds/σ F = RM/2σ F , the gain with selection becomes GS = i. σ 2 G /σ F . Since σ 2 G /σ F is constant, the gain is a function only of the i value. For the Carioca-MG x H4 crossing, GS 220 /GS 30 = i 220 /i 30 = 3.1/2.1 = 1.48, which is the same as calculated above. Again, when considering ≥100 families, the differences in standardized selection intensity were small. In the Carioca-MG x H4 crossing, i 100 = 2.7 and i 220 = 3.1 (Table II) , thus GS 220 /GS 100 = 1.15. In other words, with an increase from 100 families to 220 families, the average increase in the expected gain with selection would only be 15%. In this situation, it is questionable whether an increase of 2.2-fold in the number of families is compensatory. Since the number of families used in common bean studies is generally lower (Marques Jr., 1997) than in the experiments described here, our results should reflect the situation in most breeding programs for this species.
Some studies have shown that for a fixed number of experimental plots that can be manipulated by the plant breeder, it is preferable to evaluate a greater number of crossings at the expense of a lower number of families from each crossing. Cooper (1988) suggested 100 crossings per year for soybeans. Starting with the F 2:3 generation, 30 families per crossing should be evaluated with selection between and within families. Proposals such as the above and simulation studies such as that of Fouilloux and Bannerot (1988) show that selection can be successful with a small number of families. However, the results described here showed that when using less than 100 families, the chances of null heritability (an absence of gain with selection) can be high. The av-erage probability in nine populations with 30 families each was 8.14%. This percentage increases when one considers the probability of not detecting sizeable heritability, equivalent to 0.50-0.75 of the populational value. The observations in relation to gain with selection also highlight this fact. In principle, when using a small number of families, the probability of a successful selection is less, especially when variability is low.
There are, however, procedures that make the early choice of more promising segregant populations possible (Jinks and Pooni, 1976; Abreu, 1997) . In this case, working with a limited number of crossings allows one to explore the available variability in greater depth. To achieve this, a larger number of families is necessary. As shown above, this number should be greater than 100.
Some reports have shown that most breeders' success occurs when good lines are crossed with good lines (Rasmusson and Phillips, 1997) . In this case, the mean of the segregant populations is high because of the already adapted lines involved, but the liberated variability is low, because the divergence between them is generally limited. Thus, for successful selection, plant breeders should be able to explore the low variability available. For this to happen, the family evaluation experiments must be as precise as possible, and a greater number of families needs to be evaluated. 
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RESUMO
O objetivo desse trabalho foi obter informações que possam auxiliar os melhoristas de feijão, quando da decisão sobre a escolha do número de famílias de uma população segregante que deverá ser avaliada para maior eficiência com a seleção. Para isso, utilizaram-se dados experimentais de avaliação de nove populações segregantes do programa de melhoramento do feijoeiro da Universidade Federal de Lavras, conduzidos no período de 1992 a 1997, com o número de famílias variando de 169 a 295 e com a estimativa de herdabilidade (h 2 ) para a produtividade de grãos, na média das famílias, no intervalo de 5.3 a 82.0%. Utilizando o desempenho médio das famílias, foram simulados diferentes tamanhos de amostras, variando de 10 em 10, a partir de tamanho 30, até o número total de famílias avaliadas em cada caso. Foram efetuadas 1.000 simulações para cada tamanho de amostra. Com os dados foram estimados a variância fenotípica média, a mínima, a máxima e o erro padrão da variância. Utilizando a distribuição de χ 2 foi estimada a probabilidade de ocorrência de um dado valor da variância fenotípica entre média das famílias, para cada tamanho de amostra, considerando h 2 nula, ou com valores correspondentes a 0.25, 0.50 ou 0.75 da herdabilidade obtida com todas as famílias sendo avaliadas. Constatou-se que, nas condições da precisão experimental em que são conduzidos os programas de melhoramento do feijoeiro na região, com a utilização de um número de famílias inferiores a 100, a probabilidade de sucesso com a seleção é reduzida.
